Background: In folk medicine, Acalypha wilkesiana is often used in the treatment of various ailments, although this has not been fully rationalized scientifically. This study was conducted to evaluate the effects of Acalypha wilkesiana leaf extracts on fluid volume and selected tissues in salt loaded rabbits. Methods: Thirty rabbits were randomized into five groups consisting of six animals each. Group 1 animals were fed with salt loaded diet continuously. Group 2 animals were fed with salt loaded diet followed by aqueous extract while animals in group 3 were fed with salt loaded diet followed by ethanol extract. Animals in group 4 were fed with salt loaded diet and distilled water while group 5 animals were fed with normal diet only. Results: Salt loading resulted in a significantly (P < 0.05) higher ALT, AST and lower bicarbonate. Administration of Acalypha wilkesiana leaf extracts resulted in a significantly (P < 0.05) lower serum sodium, chloride, bicarbonate and AST activities. Histology revealed that salt loading had no effect on the heart, but caused mild vacuolation in the liver, and marked lymphocytosis of the kidney. Administration of the aqueous extract caused blood vessel congestion in the heart, shrinking of portal vein in the liver and congestion of blood vessels in the kidney. Also, administration of the ethanol extract caused distortion in blood vessels in the heart, congestion of the portal vein in the liver and marked lymphocytosis in the kidneys. Conclusion: It is advisable to be moderate in the use of Acalypha wilkesiana in folk medicine.
Background
Increase in blood pressure in rats and rabbits has been induced by 8% NaCl (w/w) loaded diet [1] [2] [3] . There is a possible relationship between excess salt intake and increased blood pressure [4] [5] [6] . Epidemiological studies have shown that excess dietary salt intake is related to the incidence of high blood pressure in some communities [7, 8] . A high-salt diet (salt loading), an independent determinant of renal injury [9] [10] [11] , enhances ventricular and renal fibrosis in normotensive and spontaneously hypertensive rats (SHR) [12, 13] . The increased blood pressure causes damage to the kidney, heart, blood vessels, etc. In folk medicine, the deleterious effects of excess salt are often managed with the use of medicinal herbs.
Acalypha wilkesiana (Irish petticoat) is a medicinal herb that has found wide use in folk medicine. Igwe et al., (2016) [14] reported that the ethanolic leaf extract of Acalypha wilkesiana contain pharmacologically useful active phytochemicals. GCMS (Gas Chromatography-Mass Spectrometry) analysis of the phytochemical constituents of the ethanolic leaf extract of Acalypha wilkesiana revealed the presence of 12 compounds among which the most abundant were 2-Ethyl-1-hexene, n-Haxadecanoic acid or palmitic acid, and Butane 1,4-diol. These compounds are known to possess various medicinal potentials [14] . High performance liquid chromatography (HPLC) analysis indicated that Acalypha wilkesiana leaf is rich in flavonoids, carotenoids, and phytosterols, but very low in simple terpenes [15] . Among the six phytosterols detected in Acalypha wilkesiana leaves by Onyeike et al., (2010) [15] , the levels of stigmasterol and β-sitosterol were the highest while Myrcene, β-amyrin, lupeol and thujene were the highest among the twelve simple terpenes detected. Their results showed that the leaves are potential sources of allelochemicals and nutraceuticals [15] . Acalypha wilkesiana is often used solely or as a major constituent of many herbal preparations [16] . However, its use has not been fully rationalized scientifically. Thus, this study was conducted to evaluate the effects of Acalypha wilkesiana leaf extracts on fluid volume and selected tissues in salt loaded experimental rabbits.
Materials and methods

Plant materials and extract preparation
Acalypha wilkesiana leaves used for this study were freshly obtained from Santua horticultural garden within Benin City and authenticated at the Department of Plant Biology and Biotechnology, University of Benin, Benin City. The leaves were properly washed under a running tap water, air-dried, ground into fine powder and weighed. One hundred gram each of the fine powder was soaked in 400 ml each of absolute ethanol (ethanol extract) and distilled water (aqueous extract) for 72 h. The mixtures were occasionally stirred using a magnetic stirrer. After three days of soaking, the mixtures were filtered using a sintered funnel. The filtrates (extracts) were concentrated using a rotary evaporator and the concentrates weighed. About 5 g each of the dry mass of the concentrated extracts were suspended in distilled water for administration to the experimental rabbits.
Preparation of salt-loaded diet (8% NaCl)
This was prepared by mixing 8 g of analytical NaCl (from BDH Chemicals England) with 92 g of the feed.
Experimental animals
The experimental animals used for this study were thirty adult rabbits of the New Zealand strain, weighing between 1.0-1.6 kg. The rabbits were obtained from local breeders and kept in the animal house of the Department of Biochemistry, University of Benin. They were maintained on a 12-h light and dark cycle in clean disinfected cages and allowed free access to feed (standard pelletized growers feed from UAC-Vital Feed, Jos, Plateau State) and water. After three weeks of acclimatizing to the new environment, they were randomized into five groups (groups 1 to 5) of six animals each. The experimental procedures performed on the animals were as approved by the Animal Ethics Committee of the Faculty of Life Sciences, University of Benin, Nigeria. The use of rabbits for the study was also according to the Ethical Guidelines Involving Whole Animal Testing of the Animal Ethics Committee, Faculty of Life Sciences, University of Benin.
Experimental design
The rabbits in the groups (1 to 5) were treated as follows; Group 1 rabbits: were fed with salt-loaded diet continuously. Group 2 rabbits: were fed with salt-loaded diet and aqueous extract (Aq. Ext) of Acalypha wilkesiana leaves Group 3 rabbits: were fed with salt-loaded diet and ethanol extract (Et. Ext) of Acalypha wilkesiana leaves Group 4 rabbits: were fed with salt-loaded diet and distilled water (DW) Group 5 rabbits: were fed with normal diet (Control).
Details
The rabbits in groups 1, 2, 3 and 4 were fed with the salt-loaded diet for a period of seventy (70) days. After day 70, group 1 animals were continued on the salt loaded diet till the 77th day. Groups 2 and 3 animals were discontinued on the salt loaded diet after day 70 and administered with aqueous and ethanol extracts of Acalypha wilkesiana leaves respectively till the 77th day (i.e. the extracts were administered for a period of seven days). Also, after day 70, group 4 animals were discontinued on the salt-loaded diet and administered with distilled water till the 77th day, while group 5 animals were fed with normal diet only.
Route and dose of extracts administration
The extracts (aqueous or ethanol) were administered to the rabbits orally at a dose of 300 mg/kg body weight for a period of 7 days.
Sample collection Blood
After 70 days of salt loaded diets and prior to administration of the extracts, blood samples were collected from the rabbits using sterilized hypodermic needles. At day 78 after treatment with the extracts for a period of 7 days, blood samples were also collected from the animals. The blood samples were centrifuged at 3500 rpm for 10 min to obtain a clear serum which was used for biochemical analysis.
Organs
At day 78, the animals were sacrificed and the organs (Heart, Liver and Kidney) harvested. They were rinsed in normal saline and the tissues processed for histology.
Histology
Haematoxylin and Eosin (H & E) staining technique was used to study the general structure of the tissues.
Assay methods
Flame photometer was used to determine the concentration of Potassium and sodium by the method of Tietz, 1987 [17] . Chloride concentration was determined by the method of Skeggs and Hoschstrasser 1964 [18] . The concentration of Bicarbonate was determined by the method of Van slyke, 1925 [19] . The method of Connerty and Biggs, 1966 [20] was used for the determination of calcium concentration. Urea was determined by the method of Weatherbum 1967 [21] (Urease Berthelot method). Creatinine concentration was by the method of Bartels and Bohmer, 1972 [22] . Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST) were determined by the method of Reitman and Frankel.
Data analysis
Data analysis was by ANOVA and Turkey-Kramer test (GraphPad Instat Version 3). Statistical Significance was set at P < 0.05 and data presented as Mean ± S.E.M (n = 6).
Results
The effects of oral administration of extracts (aqueous or ethanol) of A. wilkesiana leaves on serum sodium, potassium, chloride, calcium, bicarbonate, urea, creatinine, ALT, AST and some organs (liver, heart and kidney) of salt loaded experimental rabbits, are as shown below.
Serum sodium concentrations were significantly (P < 0.05) higher in all the salt loaded groups as compared with the control, after 70 days of salt loading (Table 1) . At day 78; group 1 (given continuous salt loading) still showed a significantly (P < 0.05) higher sodium concentrations compared with group 5, while group 4 showed a non-significantly (P > 0.05) higher concentration after cessation of salt loading. But administration of the aqueous extract (groups 2) resulted in significantly (P > 0.05) lower sodium concentrations, while administration of the ethanol extract resulted in non-significantly lower sodium concentrations, as compared with group (4).
Serum potassium concentrations were non-significantly (P > 0.05) higher in the salt loaded groups as compared with the non-loaded group (control), after 70 days of salt loading (Table 1 ). But at day 78, all the salt loaded groups showed non-significantly (P > 0.05) lower concentrations compared with the control (group 5). Administration of the extracts had no significant (p > 0.05) effect in the treated groups as compared with the non-treated group.
Serum chloride concentration was shown to be non-significantly (P > 0.05) higher in all the salt loaded groups as compared with the non-loaded group (control), after 70 days of salt loading ( Table 1) . Administration of the extracts, however, resulted in significantly (P < 0.05) lower chloride concentrations in group 2 (given aqueous extract) and non-significantly (p > 0.05) lower concentrations in group 3 (given ethanol extract). But, in comparison, the various groups showed no significant difference (P > 0.05) in the serum chloride concentrations. Table 1 also show that after 70 days of salt loading, groups 1, 3 & 4 (given salt load) showed non-significantly (P > 0.05) lower serum calcium concentrations, while group 2 (also given salt load) showed significantly (p < 0.05) lower concentrations, compared with the control (group 5). At day 78, these differences were leveled out (1 & 4 as compared with 5). However, administration of the extracts after one week resulted in non-significantly (P > 0.05) lower calcium concentrations in group 2 (treated with the aqueous extract) and significantly (p < 0.05) lower concentrations in group 3 (treated with the ethanol extract) as compared with the untreated group.
In Tables 2, 70 days of salt loading resulted in a significantly (P < 0.05) lower bicarbonate concentrations in all the salt loaded groups, compared with the control. But after one week of administration, the aqueous extract resulted in a significantly (P < 0.05) lower bicarbonate concentrations (group 2 compared with group 4). Also, at day 78, group 1 showed increase in bicarbonate concentrations while the other groups showed decreases, with their respective percentages as indicated.
The groups given salt load showed no significant (P > 0.05) difference in the concentrations of urea compared with the control (group 5), as shown in Table 2 . This observation was the same at day 78, except for the group given ethanol extract (group 3) which showed a significantly (P < 0.05) higher urea concentrations compared with the non-administered group (4) .
As compared to the control (group 5), there was no significant difference in creatinine concentrations in all the groups given salt load ( Table 2) . Administration of the extracts after one week also did not result in any difference between the administered and un-administered groups. Thus, salt loading and/or administration of aqueous or ethanol extracts of Acalypha wilkesiana leaves resulted in non-significant (p > 0.05) effect on the concentrations of serum creatinine of the experimental animals.
In Table 3 , salt loading resulted in serum alanine aminotransferase (ALT) activities that were significantly (P < 0.05) higher in all the salt loaded groups, as compared with the control group (group 5). At day 78, group 1 (given continuous salt) showed a significantly (p < 0.05) higher values and groups 3 & 4 showed non-significantly (P > 0.05) higher values, while group 5 showed non-significantly (P > 0.05) lower ALT activities.
Salt loading resulted in serum Aspartate aminotransferase (AST) activities that were significantly (P < 0.05) higher in all the groups given salt load as compared with the control group (group 5). At day 78, AST activities in group 1 (given continuous salt load) remained high as compared with the control. However, groups 2, 3 & 4 showed non-significantly (P > 0.05) lower AST activities. Administration of the extracts (aqueous or ethanol), resulted in significantly (P < 0.05) lower AST activities in the treated groups (groups 2 & 3), as compared with that of the untreated group (group 4). The ethanol extract was, however, shown to be more effective (Table 3) .
Histology (Figs. 1, 2 and 3 ) revealed that salt load had no effect on the heart, resulted in mild vacuolation in the liver, and marked lymphocytosis of the kidney. Administration of the aqueous extract resulted in blood vessel congestion in the heart, shrinking of portal vein in the liver, and congestion of blood vessels in the kidney. While administration of the ethanol extract resulted in distortion of blood vessels in the heart, congestion of the portal vein in the liver and marked lymphocytosis in the kidneys of the salt loaded test rabbits.
Discussion
Some of the important functions of electrolytes include regulation of the amount of fluid (water) in the body and maintenance of blood pH within normal range. Individuals with hepatitis C or cirrhosis tend to retain more water in the body than needed resulting in abnormal bicarbonate, chloride, potassium or sodium concentrations. Sodium is the principal cation in extracellular fluid which regulates plasma volume and acid-base balance. Increased dietary salt intake may promote organ damage through non-pressure related effects [23, 24] . Administration of the plant (A. wilkesiana leaf ) extracts, which resulted in lower serum sodium concentrations of the treated groups, may be protective against these harmful effects or damage due to excess sodium in the system. Our previous studies with normal rabbits showed that the leaf extracts of the plant has a potential to maintain homeostasis by reducing the serum sodium concentrations of the experimental rabbits [25] . Maintenance of homeostasis (a possible effect of the plant) or regulation of plasma fluid volume is a preventive measure against organ damage that could possibly result from increased dietary salt intake [25, 26] . This diuretic effect has been linked with the tannin content of the plant [27] .
The natriuretic effect of potassium is important in reducing extracellular fluid volume and blood volume. The increase in serum potassium concentrations resulting from increased sodium load (salt load) may be due to the natriuretic effect of potassium which is aimed at countering the effect of excess sodium (homeostasis). The effects of the plant extracts may be more of moderating the concentrations of potassium as against that of sodium, so as to ensure normal sodium/potassium balance rather than reducing or increasing the concentrations of potassium [25, 26] .
Chloride ion is an anion which is involved in the regulation of blood pressure, fluid and electrolyte balance. Severe dehydration, kidney failure or intravenous infusion of NaCl can cause increase chloride concentrations resulting in hyperchloremic metabolic acidosis. Increased salt load invariably resulted in increase serum chloride concentrations as observed. However, administration of the aqueous extracts resulted in significantly lower chloride concentrations while administration of the ethanol extract resulted in non-significantly lower chloride concentrations. The decrease in serum chloride concentrations in the treated group may be a protective implication of the plant against hyperchloremic acidosis. This is in agreement with our previous findings which showed that Acalypha wilkesiana leaf extracts may be beneficial in the prevention of metabolic acidosis due to excess sodium, accompanied with chloride [25] .
Bicarbonate ion is a vital component of the pH buffering system of the body. Its value in the blood volume is one of several indicators of the state of acid-base physiology in the body. A significant decrease in serum bicarbonate, resulting from salt load, indicates that salt loading potentially disturbs the acid-base physiology of the system. The complementary effect of the aqueous extract also pose treat to the prolong use or excess dose of the plant as it has the potential of disturbing the acid-base homeostasis of the system. Calcium plays an important role in building stronger and healthy bones. Abnormalities in serum calcium concentration may have profound effects on neurological, gastrointestinal, and renal function. Increased sodium load may cause increase in calcium influx in the cardiac myocyte which resulted in reduced calcium concentrations in the salt loaded group as observed. Administration of the extracts also resulted in lower calcium concentrations as compared with the untreated group. Maintenance of normal serum calcium is due to tightly regulated ion transport by the kidney, intestinal tract and bone as mediated by calcaemic hormones especially parathyroid hormone and 1, 25-dihydroxyvitamin D 3 . Acalypha wilkesiana may have an effect on this maintenance process, as it has been shown to exert definite actions on different organs of the body [28] .
Urea is known to play a major role in the urinary concentrating mechanism of mammals and also contributes to the osmolarity gradient in renal tissue in all states of water balance [29] . These functions may not be affected as salt loading did not significantly affect the urea concentrations of the experimental animals. However, administration of the ethanol Fig. 2 Histological Sections of the Heart. Plate 6: Group (1): given continuous salt load. Showing normal cardiac muscle fibres. Plate 7: Group (2): given salt load and aqueous extract. The arrow indicates haemorrhage and congestion in blood vessels. Plate 8: Group (3): given salt load and ethanolic extract. The arrows indicate haemorrhage and distorted blood vessels. Plate 9: Group(4): given salt load and distilled water, shows normal cardiac muscle fibres. Plate 10: Control group (5): given distilled water Shows normal cardiac muscle fibres extract which resulted in significantly higher urea concentrations may portend an increase in protein break down. However, this may not be directly due to tissue protein breakdown as our previous study on the nutritional composition of the plant showed increased amount of protein in the ethanol extract [16] . Creatinine which is a waste product of muscle cell metabolism is excreted by the kidneys into the urine. Its concentration is usually measured to assess the functional status of the kidney, with elevations indicating kidney problems. As compared to the control, there was no significant difference in creatinine concentrations in all the groups given salt load. Administration of the extracts also did not result in any difference between the treated and untreated groups. Although serum creatinine has poor predictive accuracy for renal injury, particularly in the early stages of acute kidney injury [30, 31] , salt loading and/or administration of aqueous or ethanol extracts of Acalypha wilkesiana leaves did not result in any significant effect on the concentrations of serum creatinine of the experimental animals.
Serum aminotransferase activities are sensitive indicators of parenchymal liver damage. Salt loading resulted in significantly higher serum ALT and AST activities in all the test groups. Administration of the extracts (aqueous or ethanol) resulted in significantly lower ALT and AST activities in the treated groups. This may portend a possible hepato-protective effect of the plant extract. The ethanol extract was however shown to be more effective. The sustained increase in AST activities of the group given continuous salt load as against the decrease in AST activities of the treated group is indicative of the possible adverse effect of the salt load on the functional status of the liver. This may be supported by the observed decrease in group D after cessation of salt load. The decrease in AST activities in the treated groups, resulting from the extracts, is also indicative of the possible protective effect of the plant against the adverse effects of salt load on the liver. The hepato-protective effect of the plant is also supported with results from our previous studies with normal experimental rabbits given aqueous or ethanol extracts of Acalypha wilkesiana leaves [32] .
Increased salt-load in the diet will result in increased blood pressure [1, 2, 33] . This extra blood pressure puts strain on the arteries making the arterial walls stronger and thicker. Histology revealed that salt load had no effect on the heart, caused mild vacuolation in the liver, and marked lymphocytosis of the kidney. Administration of the aqueous extract caused blood vessel congestion in the heart, shrinking of portal vein in the liver, and congestion of blood vessels in the kidney. While administration of the ethanol extract caused distortion of blood vessels in the heart, congestion of the portal vein in the liver and marked lymphocytosis in the kidneys of the salt loaded test rabbits. Administration of the aqueous extract of Acalypha wilkesiana leaves also caused congestion in blood vessel and hemorrhage. It was, however, worse when treated with ethanol extract as the blood vessels were distorted and there was still hemorrhage. Increased salt-load on the liver, when left untreated resulted in periportal inflammation of the liver. Since the liver is a vascularized tissue, every cell death (necrosis) evokes an inflammatory reaction which is morphologically manifested by the appearance of inflammatory cells together with oedema and the presence of damaged blood vessels. There was also vacuolation of the untreated hepatocytes. Administration of either aqueous extract or ethanol extract, caused granulation of the hepatocytes which allows for the regeneration of the dead (necrosis) liver cells. However, administration of the aqueous extract resulted in the shrinking of the portal vein while administration of the ethanol extract resulted in the infiltration/congestion of the portal vein. When left untreated, and with continuous salt-load, it caused marked lymphocytosis, Hyperchromatic nucleus (a sign of malignancy) and haemorrhage. However, administration of the aqueous extract did not eliminate the haemorrhage, instead caused congestion of the blood vessels while administration of the ethanol extract showed no difference from when it was untreated. Despite the medicinal and/or therapeutic benefits of Acalypha wilkesiana in folk medicine, it is advisable to be moderate in its use in view of the possible harmful effects on the blood vessels.
Conclusion
Acalypha wilkesiana leave extracts (aqueous or ethanol) had a reducing effect on the serum sodium, and an increasing effect on potassium, which is beneficial in the regulation of fluid volume and maintenance of homeostasis. Histology revealed that salt load had no effect on the heart, caused mild vacuolation in the liver, and marked lymphocytosis of the kidney. Administration of the aqueous extract caused blood vessel congestion in the heart, shrinking of portal vein in the liver, and congestion of blood vessels in the kidney; while administration of the ethanol extract caused distorted blood vessels in the heart, congestion of the portal vein in the liver, and marked lymphocytosis in the kidneys of the salt loaded test animals. In view of the possible harmful effects on the blood vessels, it is advisable to be moderate in the use of Acalypha wilkesiana in folk medicine. 
